INTRODUCTION
ODC, which decarboxylates ornithine to putrescine, is the first enzyme in the pathway of mammalian polyamine biosynthesis [1, 2] . ODC is characterized by its inducibility and rapid turnover rate (half-life, tp. -17 min) [2] . Among the numerous biochemical changes elicited after topical application of the tumour promoter TPA to mouse skin, the induction of epidermal ODC activity is prominent [3, 4] . Available data indicate that TPA-induced ODC activity and the resultant accumulation of putrescine may play important roles in mouse skin tumour promotion by TPA [3] [4] [5] [6] .
Direct evidence is lacking that increased mouse epidermal ODC activity by TPA is the result of increases in mRNA and ODC protein. The availability of radiolabelled DFMO (a suicide inhibitor of ODC) [7] and a cDNA probe [8] has enabled us to obtain clues about the role of mRNA and enzyme protein in the TPA-increased epidermal ODC activity. The supporting data that TPA-induced ODC activity involves increases in both mRNA and ODC protein are summarized in this paper.
MATERIALS AND METHODS
DL-a- [5- Life Systems (Newton, MA, U.S.A.). Female Charles River CD-1 mice (7-9 weeks old) were purchased from Charles River Breeding Laboratory, Wilmington, MA, U.S.A. Monoclonal antibody to rat liver ODC was generously given by Dr. Shin-ichi Hayashi, Jikei University School of Medicine, Japan [9] . Anti-mouse IgG (heavy-and light-chain-specific) was from Cooper Biomedical (Malvern, PA, U.S.A.). pOD48, a cDNA clone prepared from mouse ODC mRNA, was generously given by Dr. P. Coffino [8] . Poly(U)-agarose was obtained from P-L Biochemicals (Milwaukee, WI, U.S.A.). Nitrocellulose (BA 85) was purchased from Schleicher and Schuell (Keene, NH, U.S.A.).
Mice were housed and treated as described previously [6] . The dorsal skin of the mice was shaved 3-4 days before treatment, and only those mice in the resting phase of the hair cycle were used for experimentation. Acetone or 10 nmol of TPA in acetone was applied to the shaved backs of mice, and mice were killed by cervical dislocation at the indicated times after treatment. Epidermis from individual mice was scraped and homogenized in 50 mM-Tris/HCI (pH 7.5) containing 0.1 mM-EDTA, 0.1 mM-pyridoxal phosphate, 1 mmphenylmethanesulphonyl fluoride, 1 mM-2-mercaptoethanol, 0.1 % Tween 80 and 0.1 mM-dithiothreitol. Soluble epidermal ODC extract was partially purified [35-55% -satd.-(NH4)2SO4 fraction] and used for the assays of [3H]DFMO binding [10] and ODC activity [11] .
[3H]DFMO-bound ODC was immunoprecipitated with anti-ODC monoclonal antibody and the second antibody, rabbit anti-mouse IgG [9] . The immunoprecipitates were analysed for associated radioactivity by SDS/polyacrylamide-tube-gel electrophoresis [12] .
For isolation of total RNA from mouse skin, skin was excised and immediately placed in liquid N2 and pulverized in a mortar. Total cellular RNA was prepared Vol. 237 Abbreviations used: ODC, ornithine decarboxylase (EC 4.1.1.17); DFMO, a-difluoromethylornithine; TPA, 12-0-tetradecanoylphorbol 13-acetate.
* To whom reprint requests should be addressed. 297 from the ground skin by the urea-extraction and CsCl-gradient-centrifugation method of Ross [13] with minor modifications. RNA was washed four times with 3.0 M-sodium acetate (pH 5.0) containing 5 mM-EDTA, and twice with 100% ethanol. The RNA was then desiccated, dissolved in sterile distilled water, and stored at -70 'C. In a typical experiment, yield of total mouse skin RNA from five mice (3 g of skin) was 2.0 mg as quantified spectrophotometrically by using 50 #sg of RNA/A260 unit.
Species of RNA containing regions of ODC mRNA homology were identified by a modification of the Northern blotting procedure [14] . Total mouse skin RNA was fractionated by electrophoresis in denaturing formaldehyde/agarose gel [15] . Transfers to Gene Screen were performed at 4 'C for 72 h, which allowed complete transfer. The filter was baked for 2 h at 80 'C and prehybridized for 24 h with prehybridization buffer containing 0.6% (w/v) polyvinylpyrrolidone [16] . The filter was then hybridized with nick-translated 32P-labelled pOD48 [17] . Phage-A DNA cut with endodeoxyribonuclease HindIII and labelled with [a-32P]dCTP by using Klenow DNA polymerase was denatured as for RNA and was included in the gels as Mr standard and a marker for transfer efficiency during Northern-blotting procedures [14, 18] . RNA bands containing ODC mRNA homology were made visible by exposing Kodak X-Omat AR film to the washed nitrocellulose filter at -70 'C with intensifying screens.
ODC mRNA was quantified by dot-blotting [19] , by using a 32P-labelled cDNA probe. Briefly, total RNA from mouse skin was denatured [20] and was spotted on a sheet of nitrocellulose presoaked in 3 M-NaCl/O. 15 [8] . The resulting autoradiogram was scanned by soft-laser densitometry.
RESULTS
A time course of the effect of TPA on mouse epidermal ODC protein is shown in Fig. 1 and Table 1 . In this experiment, soluble epidermal extract was prepared at various times (0, 2, 4, 6, 8 and 12 h) after a single application of acetone or TPA to mouse skin; ODC activity and the capacity to bind [3H]DFMO were determined. As shown in Fig. 1, [3H] DFMO-bound ODC migrated as a single peak corresponding to an Mr of about 55000 [11] , the Mr of the subunit of ODC reported by others [10] . At all times points, ODC activity (Fig. 2) indicates that a single application of 10 nmol of TPA to mouse skin led to about 17-fold increase in hybridizable ODC mRNA at 3.5 h after treatment; the increase in ODC mRNA preceded the TPA-induced increase in ODC activity (Fig. 2) . We measured the size of ODC mRNA by the Northern blotting procedure [14] . In this experiment, total RNA, prepared from TPA-treated mouse skin, was fractionated by denaturing formaldehyde/agarose-gel electrophoresis. [8, 21] . DISCUSSION ODC activity is increased in various tissues within a few hours in response to many different stimuli and, in general, the increased ODC activity is rapid and [1, 2] . The molecular mechanism of rapid turnover of ODC activity is not clearly understood. However, it has been suggested that changes in ODC activity may be regulated at the level of synthesis [21] and degradation [22] , and also by post-translational modifications [23] or interaction with macromolecules [24] . The data presented here provide evidence that application of the tumour promoter TPA to mouse skin, which leads to a dramatic increase (up to 200-fold above the control) in epidermal ODC activity, is the result of increases in both ODC protein ( Fig. 1 and Table 1 ) and ODC mRNA (Fig.  2) .
The Fig. 1 and Table 1) .
TPA-increased ODC protein may be the result of increased synthesis, decreased degradation and/or activation of ODC. To substantiate the conclusion that TPA may affect the synthesis of mouse epidermal ODC, we determined the effect of TPA on the amount of ODC mRNA. The results shown in Fig. 2 indicate that the increased amount of ODC protein caused by TPA may be the result of increases in ODC mRNA. Clearly, TPA treatment results in increases in RNA homologous to ODC cDNA. TPA increased the quantity, but did not alter the nature, of ODC mRNA (results not shown).
The mechanism by which TPA leads to the transcription of epidermal ODC is unclear. TPA binds specifically to mouse epidermal fractions, and [3H]TPA-binding activity co-purifies with Ca2+-activated phospholipid-dependent protein kinase (protein kinase C) [25] [26] [27] [28] [29] [30] . Recently, we found, using primary culture of newborn-mouse epidermal cells, that the concentration of avilable Ca2+ may play a role in TPA induction ofODC. Also, diacylglycerol, an activator of protein kinase, and phospholipase C (which releases diacylglycerol from membrane phospholipids), induced ODC activity in cultured newborn-mouse epidermal cells. Diacylglycerol-, phospholipase-C-and TPA-induced ODC activity in newborn-mouse epidermal cells was accompanied by a concomitant increase in ODC mRNA. Similarly, palmitoylcarnitine, an inhibitor of protein kinase [30] , inhibited both the induction of ODC and skin tumour promotion by TPA (A. K. Verma, unpublished work). The role of protein kinase in ODC induction has also been suggested by two other reports [31, 32] . The mechanism of how TPA-receptor-protein kinase C activation transduces signals for ODC-gene transcription is unknown, and this warrants further investigation.
